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Effect of angiotensin on the filtration of protein in the rat kidney:
A micropuncture study. We have analyzed the protein content of
proximal tubular fluid (PTF) by ultramicro disc electrophoresis
and measured total protein excretion rates both in control condi-
tions and during angiotensin infusion to the rat. Under control
conditions PTF albumin concentration was 1.49 1.12 (SD)
mg/lOO ml and did not increase with distance from the
glomerulus. Immediate postcapsular samples (Munich-Wistar
strain) yielded nearly identical values so that both probably repre-
sent filtered albumin concentration. During infusion of angiotensin
(0.15 ig/min X 100 g of body wt), PTF albumin concentration in-
creased on the average 26-fold in re-collections from control
tubules. Total protein excretion increased from a control of 7.91 to
24.37 mg/24 hr X 100 g of body wt. Glomerular filtration rate
(GFR), single nephron GFR (SNGFR), proximal transit time and
tubular fluid to plasma (TF/P) inulin values did not change signifi-
cantly. Net afferent filtration pressure decreased from 24.7 to 15.6
mm Hg and renal plasma flow fell from 2.16 to 1.31 mI/mm X g of
kidney wt. Data describe a protein reabsorptive system normally
operating near capacity. Angiotensin-induced proteinuria derives
from an increase in filtered protein (mostly albumin) resulting from
permeability changes in the glomerular membrane.
Effet de l'angiotensine sur Ia filtration des protéines dans le rein de
rat: Etude par microponction. Nous avons analyse Ic contenu en
proteines du liquide tubulaire proximal (PTF) par ultramicro-
électrophorèse sur disque et mesurC l'excrétion totale de protéine
dans des conditions témoins et au cours de Ia perfusion d'angioten-
sine du rat. Dans les conditions tCmoins Ia concentration
d'albumine dans le liquide tubulaire proximal est de 1,49 + 1,12
(SD) mg/l00 ml et n'augmente pas en fonction de Ia distance par
rapport au glomérule. Des Cchantillons immédiatement post-
capsulaires obtenus chez des rats de La souche Munich-Wistar con-
tiennent des concentrations très semblables, cc qui indique que cet-
te valeur est probablement representative du filtrat glomCrulaire.
Au cours de La perfusion d'angiotensine (0,15 g/min X 100 g
poids corporel) La concentration d'albumine dans le liquide
tubulaire proximal augmente d'un facteur 26 en moyenne au cours
des recollections. L'excrCtion totale de protCine augmente d'une
valeur témoin de 7,91 a 24,37 mg/24 h )< 100 g poids corporel. Le
debit de filtration glomérulaire global, Ic debit de filtration glomer-
ulaire par néphron, Ic temps de transit proximal Ct al concentra-
tion relative de l'inuline ne sont pas significativement modifies. La
pression de filtration afférente nette diminue de 24,7 a 15,6 mm Hg
et Ic debit plasmatique renal de 2,16 a 1,31 mI/mm X g de rein. Ces
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observations décrivent un système de reabsorption de proteine
operant normalement a Ia limite de sa capacité. La protéinurie in-
duite par l'angiotensine provient d'une augmentation de Ia filtra-
tion de protéine (surtout de l'albumine) qui est La consequence
d'une modification de La permeabilité de Ia membrane glomér-
ulaire.
An increase in urinary protein excretion after the
administration of renin was first observed by Picker-
ing and Prinzmetal in the rabbit [1]. Addis et at later
studied this response in the rat [2], a species in which
the induced proteinuria may reach 50 to 100 times the
normal rate of excretion. Whether the proteinuric
effect of renin is due to the pressor effect of
angiotensin, to a permeability change in the
glomerular filter or to a decreased reabsorption of
normally filtered protein has not been established
with certainty. The possible mechanisms could not in
fact be tested until microanalytical methods had been
developed that were capable of determining ac-
curately the concentration of protein in proximal
tubular fluid. The application of disc electrophoresis
[3] to capillary columns [4] has been further refined
by Oken and Flamenbaum [5] to meet the sensitivity
requirements for the quantitation of picogram
amounts of albumin in sample sizes recoverable by
micropuncture of surface tubules. Further modifica-
tions in this laboratory have extended the resolution
of the method to include the major globulin fractions.
The present study was undertaken to examine the
phenomenon of angiotensin proteinuria at the single
nephron level. Use of the Munich-Wistar strain of
rat, having surface glomeruli, has made possible the
collection of fluid from the earliest portion of the
proximal convolution. Samples from progressively
more distal segments and the analysis of end urine
have defined a profile of protein reabsorptive activity.
The possible role of hemodynamic changes in the
renin-induced proteinuria has been assessed by
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measurement of glomerular filtration pressure and
filtration fraction.
Methods
General procedures. Male rats (200 to 300 g, either
domestic or Wistar-Munich strain) were prepared for
micropuncture by conventional techniques [6]. A
venous infusion of isotonic saline solution (0.02
mI/mm X 100 g of body wt) maintained body fluids
without expansion of the extracellular volume. When
angiotensin (Hypertensin, Ciba) was administered, it
was added to the saline solution at an infusion rate of
0.15 tg/min X 100 g of body wt. In some experiments
polyfructosan (4 to 10 g/ 100 ml of Laevosan) and para-
aminohippuric acid (PAH, 0.2 g/100 ml) were added
to the saline infusion for the determination of
glomerular filtration rate (GFR), proximal tubular
fluid to plasma (TF/P) inulin ratios and effective
renal plasma flow. Clearance periods were of 30 mm
duration, tail blood samples being taken at the begin-
ning and end of each period. Bladder or ureteral
urine from the experimental kidney was collected via
catheter (PE tubing). Arterial blood pressure was
monitored at the femoral artery with a pressure trans-
ducer (Statham, P23Dc) and polygraph (Grass) in
representative experiments.
Collection micropipets (8 to 10 t O.D.) were made
with a pipet puller (Leitz) from capillary tubing
(Pyrex) (0.8 to 1.0 mm O.D.). The tip of the pipet was
ground to form a sharp bevel. Extreme care was
taken to avoid contamination of pipets after final
grinding and cleaning with detergent, distilled water
and acetone. Just prior to use the pipets were filled
with castor oil dyed with Sudan black B.
Proximal tubule passage time [7] was measured ac-
cording to the modification of Gertz et al [8]. Latex
casts of tubules permitted the identification of punc-
ture site in many collections [9]. Net afferent
glomerular capillary filtration pressure was measured
indirectly, using the method of Gertz et al [10]. Pres-
sures were measured either with water and mercury
manometers or with a continuous recording servo-
nulling transducer [11—13] made by Instrumentation
for Physiology and Medicine, San Diego, California.
A pressure transducer (Statham, P23Dc) and poly-
graph (Grass) recorded the output from the servo-
system. The effective filtration pressure is taken as
the early proximal tubule stop-flow pressure minus
free-flow intratubular pressure. Pressures recorded by
the two techniques agreed closely and no distinction
is made between them.
Single nephron glomerular filtration rate
(SNGFR) was determined in superficial proximal
tubules following the guidelines set forth by Wright
and Giebisch [14]. Sample volume was determined by
transfer of tubule fluid to a constant diameter (63 u
l.D.) quartz tubing pipet where the length of the
column was measured with an eyepiece micrometer.
Analytical methods. Urine inulin was analyzed by
the anthrone method of Fuhr, Kaczmarczyk and
Kruttgen [15]; plasma and tubule fluid inulin by a
micromodification of the same method [16]. Color
development in the microsamples was read in a
spectrophotometer (Gilford) adapted for a 3 tl cu-
vette. PAH concentrations in urine and plasma were
analyzed according to the method of Smith et al [17].
Total protein concentration in ureteral urine was
determined by the method of Lowry et al [18] after
trichloracetic acid precipitation. Total plasma pro-
tein was determined by a biuret method [19] and
albumin concentration by electrophoretic analysis
(see following). Systemic colloid osmotic pressure
was calculated using the Pappenheimer-Renkin equa-
tions [20] and determined values for albumin and
globulins. Sodium concentrations in plasma and
urine were read using a flame photometer (Baird-
Atomic, Model KY-2).
Protein analysis of proximal tubular fluid (sample
volume, 30 to 45 nl) was determined by Oken's
modification of capillary-contained polyacrylamide
gel electrophoresis. Sensitivity of the method is such
as to detect 10_10 g of albumin in the sample, cor-
responding to a tubular fluid concentration of 0.25
mg/l00 ml. A complete description of the method
has been published [5]. Tubule fluid samples were
transferred directly from the collection pipet to the
analytical capillary tube within one hour of collec-
tion. Sample volume was determined by height of the
column as measured by an eyepiece micrometer.
Plasma and urine from the experimental animal were
analyzed, after suitable dilution, by the same method.
Appropriate standards of diluted rat serum in
volumes comparable to unknowns supplied reference
curves for each experiment. Replicate standards are
narrowly grouped with a standard deviation of 5 to
8%.
After electrophoresis the gels are extruded into
7.5% acetic acid, fixed for 20 mm and stained for one
hour in 1% coomassie blue' in 7.5% acetic acid. Fol-
lowing a standard destaining period in acetic acid, the
protein bands are scanned directly in a Joyce-Loebi
double-beam recording microdensitometer. The sen-
sitivity of this instrument is adjusted by selection
from a series of wedges (O.D., 0.5 to 4.0). An in-
'We now stain with Fast Green; it gives a permanent color,
better definition of globulin bands and a linear standard curve
over a wider range of protein concentration.
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tegrator unit quantifies the gel scan and yields a linear
relationship with protein concentration.
In the earliest experiments the gels were photo-
graphed at 28 times magnification and the positive
transparencies scanned using a modified Photovolt
Densicord and Integraph. Selected gels scanned by
both methods gave indistinguishable results and the
experimental data are treated together.
Results
Normal values. In 50 tubular fluid samples the
puncture site was accurately identified by latex cast
dissection. In 46 of these an albumin band could be
detected; 4 were below the sensitivity of the scanning
densitometer. The range of albumin concentration in
these single-banded samples was 0.5 to 5.3 mg/l00
ml. Serum diluted to 1 mg/l00 ml of albumin shows a
recognizable deflection in the gamma globulin band;
at 3 mg/l00 ml of albumin three or more definite
globulin bands are detectable. The absence of any
trace of globulin in the tubular fluid samples,
therefore, excludes the question of contamination by
serum with reasonable certainty. The average
albumin concentration of all values in Fig. 1 is 1.49
1.12 SD mg/ 100 ml. The slope of the linear regression
line in Fig. 1 is not significantly different from zero (P
< 0.02.5).
Fig. 2 is a graph of the frequency distribution of
the albumin values for the 50 samples from identified
sites and an additional 44 proximal fluid samples
from unidentified puncture sites. The average con-
centration for the 94 samples was 1.35 1.06 SD
mg/lOO ml.
Attempts to secure filtrate directly from Bowman's
capsule frequently resulted in samples having exces-
sively high albumin concentrations (20 to 50 mg/l00
5-
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Fig. 2. Frequency distribution of albumin concentration in proximal
tubule fluid samples.
ml or more). In spite of the utmost precaution, it is
difficult to avoid contact and probable injury to the
filtering membrane. The immediate postcapsular por-
tion of the proximal convolution, however, is accessi-
ble in the Munich-Wistar strain and samples taken
here are almost certainly representative of filtrate
with respect to their protein concentration. Five such
samples yielded a mean albumin concentration of
1.39 0.59 SD mg/lOO ml.
An analysis of 38 samples demonstrated no cor-
relation between TF albumin and collection time (3
to 20 mm). The correlation coefficient was 0.28. Pro-
tein contamination of the pipet exterior has been ex-
cluded by rigorous control studies similar to those
described by Oken and Flamenbaum [5].
Tubular fluid to plasma inulin ratios for represen-
tative experiments demonstrate normal fluid reab-
sorption in this control series. The end-proximal
TF/P inulin ratio determined by a regression line for
13 values is 2.7. In the 22 proximal fluid samples
listed in Table 1, both albumin and inulin analyses
were done. It is possible, therefore, to correct these
albumin values for fluid reabsorption and to arrive at
a figure for the albumin concentration of the filtrate if
none of the protein had been reabsorbed. The
calculated value of 0.49 0.30 (Table 1) is lower than
the measured value of 1.39 mg/l00 ml taken at the
earliest puncture site; the difference is an index of the
extent to which filtered albumin is reabsorbed in the
proximal convolution. The absence of any correla-
tion between TF albumin and TF/P inulin in this
series (the coefficient is 0.11) confirms a different
handling of these two substances by the proximal
I I
tubule at normal TF albumin concentration.
10 30 50 70 Table 2 presents values for total protein excretion
and albumin excretion in 37 animals. The data were
collected during the course of micropuncture experi-
ments but are expressed as a 24-hr value per 100 g of
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Fig. 1. Tubule fluid albumin concentration as a function of distance
along the proximal tubule.
a' 30
20
C,i 10
0—! 1—2 2—3 3—4 4—5 5—6
A ngiotensin-induced pro teinuria 83
IF albumin
mg/lOOm!
TF/P inulin TF albumin
TF/P inulin
1.73 1.71 1.01
0.85 1.58 0.54
0.66 1.10 0.66
0.60 1.54 0.39
0.97 1.30 0.75
0.81 2.02 0.40
0.86 1.28 0.67
0.72 2.66 0.27
0.58 3.20 0.20
1.53 2.14 0.70
0.85 2.97 0.29
0.19 1.76 0.11
1.03 2.70 0.38
0.38 1.70 0.22
0.49 2.60 0.17
1.34 1.70 0.78
0.33 2.60 0.13
2.10 2.65 0.79
0.40 2.05 0.19
0.50 2.04 0.25
2.70 2.45 1.10
1.60 2.10 0.76
Mean 0.96 2.08 0.49
SD 0.63 0.58 0.30
body wt for comparison with overnight urine collec-
tions values. The total protein of 8.4 mg/24 hr X 100
g of body wt is in substantial agreement with a value
of 5.69 1.99 mg/24 hr X 100 g of body wt obtained
from overnight urine collections in 42 rats. This sug-
gests that the surgical trauma and experimental
protocol do not result in spuriously elevated levels of
protein excretion. Albumin excretion accounts for
26% of the total protein excretion. The filtered load of
albumin calculated from measured filtration rates
and assuming a filtrate concentration of 1.35 mg/l00
ml is approximately 17 mg/24 hr X 100 g of body wt.
The excretion rate of 2.2 mg/24 hr would represent a
fractional excretion of 13%.
Angiotensin. Data describing the effects of angio-
tensin are presented in three parts. Tubular fluid
protein concentrations (Figs. 3 and 4) were taken
from a separate series of animals from those in which
whole kidney and single nephron functional studies
were carried out (Tables 3 and 4). This was done to
• Control
o Angiotensin
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Fig. 3. Tubule fluid albumin concentration as a function of distance
along the proximal tubule. Symbols denote control values (0) and
values during angiotensin infusion (•) (0.15 zg/min X 100 g of
body wt).
minimize possible effects of operative interference on
glomerular permeability. Other hemodynamic in-
dexes were particularly examined in a third group of
12 animals (Table 6).
Albumin concentrations in 30 proximal fluid sam-
ples (11 before and 19 during angiotensin infusion)
are depicted in Fig. 3. Ten of the samples taken dur-
ing angiotensin administration were re-collections
from the control tubule. The mean albumin con-
centration of the controls (1.29 1.16 SD mg/l00 ml)
is comparable to our normal series. With one excep-
tion the angiotensin values are above the controls,
most of them strikingly so, the range being 1.6 to over
90 mg/lOO ml. A frequency distribution for all sam-
ples is presented in Fig. 4; clearly two populations of
samples exist. Ten of the tubule fluid samples of the
angiotensin series developed a single globulin band,
corresponding to the cs-globulin of our serum stan-
dards.
Table 3 presents relevant physiological data from
the whole kidney; note in particular the threefold in-
crease in protein excretion, despite the slight fall in
total GFR that attends angiotensin infusion. Table 4
includes data from individual nephrons before and
during administration of angiotensin. The effect on
effective filtration pressure is of particular interest; its
Table 2. Control values for glomerular filtration rate (GFR), urine flow (V), protein and albumin concentration and excretiona
V GFR
TotaI protein Albumin
U Excretion U Excretion
,.tl/min Xg
of kidney WI
mi/mm Xg
ofkidney wt
mg/lOOm! mg/24hrX bOg
ofbody wt
mg/loom! mg/24 hr X 100 g
ofbody wt
Mean
+SD
2.6
1.0
0.93
0.34
303
133
8.4
3.5
112
45
2.2
1.4
Data were obtained in 37 rats.
Table I. Proximal tubule albumin concentration
and fluid reabsorption
100
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trol values. We present only fractional composition
since the increase in protein excretion induced by
angiotensin is variable.
Table 6 records the effects of angiotensin on filtra-
tion fraction, hematocrit and systemic colloid os-
motic pressure in a series of 12 animals. Change due
to continued infusion is controlled (column 2). The
marked decrease in effective renal plasma flow (CPAH)
accounts for the significant increase in filtration frac-
tion. Both findings have been noted by others [21,22,
34]. In spite of continued infusion, hematocrit value
rises significantly in the angiotensin group.
Discussion
Albumin, mg/IOOml
Fig. 4. Frequency distribution of albumin concentration in proximal
tubule fluid samples. The open bar denotes control valves and the
shaded bars the distribution during angiotensin infusion (0.15
Mg/mm >< 100 g of body wt).
reduction is the result of a diminished stop-flow pres-
sure, intratubular free-flow pressure remaining con-
stant.
The fractional composition of urinary protein as
determined by analysis of electrophoretic patterns
changes significantly with angiotensin (Table 5). The
albumin fraction increases almost threefold while the
globulin fraction remains constant. As a result the
percentage contribution of the lower molecular
weight pre-albumins drops markedly. In four out of
the five angiotensin periods, the absolute excretion of
pre-albumins did not change appreciably from con-
Table 3. Whole kidney function in control and
angiotensin-infused ratsa
Angio-
Control tensin P
GFR 0.96 0.79 <0.05
mi/mm X g +0.35 +0.27
of kidney wt (30) (30)
V 2.95 10.82 <0.001
pi/min Xg
of kidney wt (42) (33)
UN V 0.09 1.45 <0.005
pEq/mmn X g +0.08 + 1.37
of kidney wt (14) (II)
Protein excretion 7.91 24.37 <0.005
mg/24hrXIOOg +4.26 +21.59
of body wt (29) (21)
Mean arterial 111 138 <0.001
bloodpressure
mm Hg (34) (25)
aValues are means + SD. Numbers of animals are in parentheses.
Student's t test was used for statistical analysis. P < 0.05 was
considered to be significant.
Proximal tubule fluid albumin concentration
averaged 1.35 1.06 SD mg/l00 ml, a value in sub-
stantial agreement with published data of Oken and
Flamenbaum and Oken, Cotes and Mende [5, 23]
whose analytical method we have followed. Leber
and Marsh [24], using a radioimmune assay, found
albumin concentrations of the same magnitude (3.3
mg/l00 ml). Earlier studies from our laboratory [6]
reported higher values, the result of less sensitive
methodology. The scatter of data exhibited in Fig. I
is evidence that the anatomical complexity of the
filtering membrane is reflected in some variability of
individual capsular permeability to albumin. Normal
permeability, however, is not sufficient to allow
significant filtration of larger molecular weight
plasma proteins. Galaske et a! [25] have been able to
recover capsular fluid samples which are in-
distinguishable in albumin concentration from values
for early proximal tubule fluid. No globulin bands
were detectable in these samples. Similarly, no
globulin band is visible within the normal range of
albumin concentrations in our tubular fluids. The
sensitivity of the method is such that globulin present
in concentrations of less than 0.5 mg/l00 ml would
not be detected. The fact that serum diluted to yield
albumin concentrations between and 1 and 3 mg/lO0
ml demonstrates one or more globulin bands on
electrophoresis supports our confidence in the sam-
pling technique.
There is no systematic increase in tubule fluid
albumin concentration as a function of distance from
the glomerulus (Fig. 1). This confirms earlier obser-
vations [6, 5] and provides evidence for a parallel
reabsorption of albumin with proximal tubule fluid.
End-proximal TF/P inulin values demonstrate nor-
mal fluid reabsorption in these rats, 63% at the end of
the proximal convoluted tubule. If one assumes that
no albumin is reabsorbed proximally, a calculated
hypothetical value for filtered albumin concentration
II
Angiotensin, N = 19
—l0 >10
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could be determined from simultaneous TF/P inulin
and TF albumin values (Table 1). The concentration
so calculated (0.49 mg/100 ml) is significantly lower
than directly measured values from the earliest prox-
imal sites (1.39 mg/l00 ml), and negates the assump-
tion. This constant albumin concentration over a dis-
tance where two-thirds of the filtrate is reabsorbed in
fact defines a two-thirds reabsorption of filtered
albumin by the proximal segment. This limits the
possible contribution of distal nephron since we have
seen that about 13% of filtered albumin is excreted.
The primary proximal location of albumin reab-
sorption is supported by the isolated tubule perfusion
studies of Bourdeau, Carone and Ganote [26] and the
microinjection experiments of Cortney, Sawin and
Weiss [27]. Both groups of investigators found
significant uptake of homologous albumin only in the
proximal convoluted tubule. Bourdeau et al noted
that perfused straight segments took up 2.6 times
less, consistent with the low reabsorptive function of
this portion for other solutes as measured by Burg
and Orloff [28]. Both the in vitro perfusion and
microinjection studies used albumin concentrations
(20 to 40 mg/lOO ml) that greatly exceed the capacity
of the reabsorptive process for albumin. Whatever
this mechanism is, it appears to be operating near
maximum capacity at normally filtered albumin load.
This is supported by data of Oken et al [23] in the
aminonucleoside nephritic rat and from our
laboratory (to be published) in the rat with an-
tiglomerular basement membrane (GBM) nephritis.
The 24-hr urinary protein excretion extrapolated
from the excretion rates measured during experimen-
tal procedures in 37 animals averaged 8.4 mg/lOO g
of body wt. This is in the upper range of our value
(5.69 1.99 mg/24 hr X 100 g of body wt) obtained
from overnight urine collections in 42 male rats.
Female rats excrete less protein. Deodhar, Cuppage
and Gableman [29] found a mean rate of 4.8 mg/24
hr in 112 determinations on female Wistars weighing
175 to 225 g. Pessina and Peart [22] found urinary
protein excretion to be about 18 mg/24 hr in male
Wistar rats weighing 200 to 300 g.
The proteinuric response to angiotensin is a consis-
tent phenomenon, although of variable magnitude. It
has been extensively studied, with increasingly
sophisticated methods, since the first report of its oc-
currence by Pickering and Prinzmetal [1]. The history
of favored explanatory hypotheses is recorded in
numerous publications [2, 22, 29, 30—34]. Perhaps the
least tenable hypothesis was that the pressor effect of
angiotensin caused proteinuria. Not only did ex-
perimental hypertension from other causes—
including other pressor amines—not result in corn-
Table 4. Individual nephron function in control and
angiotensin-infused ratsa
Angio-
Control tensin P
SNGFR 23.8 22.1
ni/mm X g +6.7 +6.9 NS
of kidney wt (17) (17)
Proximal tubule 8.3 9.0
transittime NS
sec (16) (15)
Proximal tubule 1.80 1.95
IF/P inulin +0.67
(30) (21)
NS
Free-flow pressure 12.1 13.0
rnmHg +1.9
(91)
+2.4
(58)
NS
Stop-flow pressure 37.3 30.6
mm Hg
(38) (27)
<0.01
Effective filtration 24.7 15.6
pressure +9.4 <0.001
mmHg (38) (27)
Walues are means SD. Numbers of observations are indicated in
parentheses. Student's I test was used for statistical analysis. P
value <0.05 was considered to be significant.
parable proteinuria, but the two events were dis-
sociated in many angiotensin studies [22, 29, 32].
That angiotensin does not bring about its effect by
inhibiting the reabsorption of normally filtered pro-
tein is demonstrable from inspection of our normal
postcapsular TF albumin concentration (1.39
mg/lOO ml) and end-proximal TF/P inulin ratio
(2.7). The largest possible proximal albumin con-
centration realizable from these data is less than
threefold the initial value. In fact, an average increase
of 26 times was found in re-collection samples. These
TF values define an angiotensin-induced increase in
filtered albumin concentration.
Quite early in the controversy, Lippman, Ureen
and Oliver [33] suggested, on the basis of hemaglobin
clearances, that glomerular permeability was in-
creased by renin. Subsequent studies by Sellers et al
[32] confirmed this finding using T-1824-labelled pro-
tein, and Paldino and Hyman [35] with the same
technique demonstrated a general systemic capillary
permeability to protein following infusion of renin or
angiotensin. Deodhar et al [29] made use of electron-
Table 5. Fractional protein composition of urinea
Protein band
Normal
% of scan
Angiotensin
% of scan P
Albumin
Globulins
Pre-albumins
28
16
56
+20
82
14
4
<0.001
NS
<0.001
Fractional composition was determined in 16 control and 5 angio-
tension-infused rats.
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rable 6. Effect of angiotensin on filtration fraction, hematocrit and
systemic colloid osmotic pressurea
Infusion Continued infusion
O.012m1/min O.012m1/min X JOOg
XlOOg
of body WI
of body WI
.Without With
angiotensin angiotensin
GFR 0.99 1.30 0.85
mi/mm >< g +0.31 +0.27
of kidney WI (<0.05) (NS)
CPAU 2.16 2.68 1.31
mi/mm x g
of kidney WI
Filtration fraction 0.46
(<0.1) (<0.001)
0.49 0.64
CI/CPAH
(NS) (<0.025)
Hematocrit 46 45 51
% +2
(NS) (<0.001)
Colloid osmotic 19.0 16.7 16.1
pressure
mm Hg (<0.005) (<0.01)
Student's t test was used for statistical analysis. Columns 2 and 3
are compared with column 1 P values are in parentheses.
dense saccharated ferric oxide to assess changes in
glomerular permeability after hormone administra-
tion. In controls the marker particles were found to
aggregate against the lamina densa of the basement
membrane. After renin administration, large
numbers of particles "were seen streaming through
the lamina densa and accumulating in Bowman's
space" [29]. Pessina, Hulme and Peart [36] found a
significant increase in the clearance of higher
molecular weight polyvinylpyrrolidone (PVP) in
renin as opposed to saline-infused animals. The filtra-
tion of lower molecular weight fractions was similar
to controls. This is consistent with the compositional
changes we find in urine protein (Table 5) where the
fractional contribution of albumin increases and that
of pre-albumins decreases. The latter decrease reflects
a minimal change in absolute excretion of these low
molecular weight proteins, the excretion of which
may be largely determined by filtration rate. This pat-
tern, explicable by a two-pore theory of membrane
structure, is characteristic of many forms of the
nephrotic syndrome in man [37].
Pessina and Peart [22] sought to explain the in-
crease in glomerular membrane permeability by their
finding of an elevated filtration fraction. They suggest
that angiotensin preferentially constricts efferent
arterioles, raising intraglomerular pressure and
stretching the filtering membrane with a resulting in-
crease in pore size, While we confirm a distinct rise in
filtration fraction during angiotensin infusion (Table
6), Ineasured net afferent filtration pressure actually
decreased (Table 4). A pressure deformation of the
filtering membrane is therefore without basis.
We are left with the postulate of a direct effect of
angiotensin on the structure of the membrane itself,
and the more recent techniques of in vivo fixation and
scanning electron microscopy support this alter-
native. Constantinides and Robinson [38]
demonstrated endothelial cell contraction with open-
ing of interendothelial junctions in glomeruli of
kidneys fixed during the infusion of angiotensin. The
finding has been confirmed by Robertson and
Khairallah [39] in systemic vessels, providing a
morphologic route for the leakage of plasma proteins
from the vascular compartment [35, 40]. This latter
effect appears in our data as a significant increase in
hematocrit value (Table 6) despite continuous infu-
sion of saline.
Although glomerular basement membrane was not
visualized by their technique, clear evidence of dis-
ruption of the epithelial elements of the filtration bar-
rier is provided in the scanning electron micrographs
of Hornych, Beaufils and Ricket [41]. In viva fixation
was done after 60 mm infusion of angiotensin in pres-
sor or nonpressor doses. At either dose the bodies of
epithelial cells were granulated, cytoplasmic proc-
esses swollen and pedicels often completely fused to
form a homogenous mass. Capillary loops were con-
stricted sometimes to a thread-like appearance. These
findings were limited to about 80% of superficial cor-
tical glomeruli; juxtamedullary glomeruli were
spared.
These morphologic changes, which have been
shown to be reversible, provide a basis for the func-
tional data of the present study (Tables 3, 4 and 6).
Constriction of glomerular capillaries of varying
degree results in a reduction in renal plasma flow.
Proximal transit time of functioning nephrons is
scarcely increased. The large filtration fraction helps
to support near normal GFR and SNGFR in spite of
reduced plasma flow. The effective filtration pressure,
although less than normal, is more effective because
of increased permeability of the membrane. This lat-
ter change with its demonstrable morphologic
counterparts is now established as the effective cause
of renin-angiotensin proteinuria.
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